As a continuation of our ongoing studies aimed at revealing the presence of oxyprenylated anthraquinones in plants belonging to the genus Rhamnus, in this paper we describe the extraction and HPLC separation of madagascin (3-isopentenyloxyemodin) from the fruits of R. cathartica L. and R. intermedia Steud. & Hochst. The title compound is described herein for the first time as a component of fruit extracts of Rhamnus species.
In this context, several papers dealing with oxyprenylated anthraquinones have been reported since 1981 when Amonkar and co-workers reported the isolation of 3-geranyloxy-6-methyl-1,8dihydroxyanthrone from root extracts of Psorospermum febrifugum Spach var. ferrugineum Hook. fil (Guttiferae) [3] . In subsequent years numerous studies allowed better definition of the O-prenylated anthraquinone composition of the genera Psorospermum, Vismia, and Harungana (syn. Haronga) [1] . In the last years our research group extensively studied extraction methodologies, chemical synthesis, analytical methods validation, and the biological properties of secondary metabolites of phenylpropanoid biosynthetic origin containing an emiterpenyl, a monoterpenyl, or a sesquiterpenyl chain attached to a phenol group [1] In this context, we also became interested in the determination of anthraquinone chemical fingerprints of different Rhamnus spp., part of the Mediterranean area flora, disclosing the first application of HPLC analysis for this purpose [4] [5] [6] [7] [8] [9] . As a continuation of our ongoing studies aimed at the quantification of anthraquinones in Mediterranean Rhamnus species, we decided to investigate the chemical composition and presence of oxyprenylated anthraxquinones in extracts obtained from fruits of R. cathartica L., also known as "common buckthorn", "purging buckthorn", or "European buckthorn", R. fallax Boiss. ("carniolan buckthorn"), R. intermedia Steud. & Hochst. ("Adriatic buckthorn"), and R. rupestris Royle ("creeping buckthorn"). As stated below, two of these plants revealed the presence of 3-isopentenyloxyemodin (1), more commonly known as madagascin. This compound was recently seen to exert valuable, interesting, and promising biological activities. Compound 1 was found to act as a growth inhibitory agent in six cancer cell lines, namely human U373 glioblastoma, OE21 esophageal carcinoma, A549 non small cell lung cancer, PC-3 prostate cancer, SKMEL-28 melanoma, and LoVo colon cancer cell lines, with a mean IC 50 value of 10.0 M [10] . So, it is conceivable to hypothesize that madagascine may contribute in a certain way to all the described effects of phytoderivatives of Rhamnus plants currently used in therapy (e.g. R. purshiana and Frangula alnus) and those investigated for their biological effects.
In order to carry out the correct analytical quantification of madagascin (1) in the Rhamnus species selected for our study, we decided to synthesize it so that a pure chemical standard could be used for the analytical HPLC-UV/Vis assays. As reported previously [10] , the title compound was obtained in 54% yield and purity  98% (assayed by GC-MS) using commercially available emodin as the starting material by DBU-promoted alkylation with 3,3-dimethylallyl bromide, followed by crystallization from n-hexane. For the other five anthraquinones under investigation, namely, aloe-emodin, rhein, emodin, chrysophanol, and physcion, we used pure commercially available samples as standards.
The exhaustive and reproducible extraction from dried powdered fruits of the plants consisted of a multi-step process: an overnight maceration in n-hexane, followed by separation and evaporation of the solution, filtration of the residual vegetable material, and its overnight maceration using 100% methanol, followed by a second filtration. The methanol solution was subsequently submitted to reflux with 6N HCl aqueous solution to hydrolyze glycosides, followed by extraction of the hydroalcoholic mixture with EtOAc. The dark red syrupy samples so obtained were stored at − 20°C before analysis. Several gradient mobile phases using different acids and buffers were examined in order to obtain the best separation conditions of the six anthraquinone standards. The chromatographic behaviour of analytes was investigated on Gemini C 18 , Luna C 18 , and GraceSmart RP18 HPLC columns in mobile phases differing in the organic modifier, buffer solution, and pH [e.g. (a) methanol-0.1% acetic acid (v/v), (b) methanol-water (both containing 1% TFA, v/v), (c) acetonitrile-30 mM phosphate buffer (pH = 3.0), (d) methanolwater (both containing 1% formic acid, v/v), respectively. The GraceSmart RP18 column was finally chosen to perform further experiments because it resulted in the best separation with respect to peak symmetry, resolution, and total analysis time using gradient elution with a mobile phase system consisting of water (solvent A) and methanol (solvent B), both with 1% formic acid (v/v). The LOQ of the method was defined according to the Guidance for Industry on the validation of bioanalytical methods as the concentration of the lowest standard on the calibration curve for which (a) the analyte peak is identifiable and discrete, (b) the analyte response is at least ten times the response of the blank sample, and (c) the analyte response is reproducible with a precision less than 20% and trueness better than 80-120% [4] [5] 10] . According to these criteria, the LOQ value for each analyte was 0.5 M. On the basis of the signal-to-noise ratio of the chromatograms, the LOD of the method could be also set at 0.3 M, as reported in Table 1 , in which we reported also the linearity range for the developed HPLC method. The within-assay precision (repeatability) of the method was in the 0.6 ÷ 12.4 range, while between-assay precision (intermediate precision) was in the -0.3÷12.4 range. The trueness of the method was evaluated at the same analyte concentration levels by comparing the measured anthraquinone concentrations of the QC samples with their nominal values. The within-assay trueness of the method was in the -12.0÷11.5 range, while between-assay trueness was in the -12.2÷12.7 range. The total HPLC run time was 40 minutes; the wavelength used was 435 nm for quantitative analysis. Under these conditions a robust baseline separation was achieved and retention times of analytes were 8.5 ( 0.6), 12.7 ( 0.8), 22.7 ( 0.7), 24.6 ( 0.5), 27.7 ( 0.2), and 33.3 ( 0.4) minutes for aloe-emodin, rhein, emodin, chrysophanol, physcion, and madagascin, respectively (n = 78, calibration and QC analyses).
Calibration curves, obtained at 435 nm, were plotted using weighted (1/x 2 ) linear least-squares regression analysis. The weighting factor was chosen to minimize deviation of back-calculated values from theoretical concentrations, especially for the lowest concentration levels, as permitted by method validation guidelines that report that 'standard curve fitting is determined by applying the simplest model that adequately describes the concentration-response relationship using appropriate weighting'. All calibration curves were linear over the concentration range tested, with correlation coefficients r ≥ 0.9925.
Samples for HPLC analysis of the fruits of the selected two Rhamnus species were obtained as described in the Experimental Section.
The anthraquinone contents of the five "classic" anthraquinones and the oxyprenylated one obtained by the described extraction and analytical procedure is reported in Table 2 . As can be seen in Table 2 , among the four species examined, madagascin (1) was significantly detected only in the fruits of R. cathartica and R. intermedia, while in the remaining two species it was revealed below the limit of detection. In both cases, the presence of madagascin was accompanied by a high content of its precursor, emodin. The other oxyprenylated emodin derivative, 3geranyloxyemodin, which we recently reported to be a component of extracts of Rhamnus spp. barks [7] , was not recorded in any case. The presence of an oxyprenylated anthraquinone derivative in the extracts of fruits of Rhamnus plants is reported herein for the first time.
One of our aims was first to obtain further insights into the anthranoid profile of so far unreported plants. Another aim of our investigations was to analyze the content of rare secondary metabolites, like prenyloxyanthraquinones in the genus Rhamnus. These compounds, although known to occur naturally in a few species belonging to the genera Vismia, Psorospermum, and Harungana were described only recently and not exhaustively in the title genus. By means of modifications of both extraction methodology and HPLC experimental conditions with respect to the already reported processes, we were able to simultaneously detect molecules with different polarities: the five "classic" polar anthraquinones and the more lipophilic oxyprenylated madagascin. In this respect, the overall method that we set up could be of great help in analyzing the total content of anthraquinones (unprenylated and prenylated ones) of Rhamnus plants of pharmacological importance. It is in fact nowadays well known that extracts from several Rhamnus spp., containing a high content of differently substituted anthraquinones, are used for therapeutic purposes, along with the traditional uses as laxative and purgative agents [12] [13] [14] . Recently, anthraquinones and anthraquinone basedphytopreparations from Rhamnus plants have been intensively investigated for alternative targets, like the use as anti-cancer [15] , immunomodulatory [16] , anti-inflammatory [17] , anti-fungal [18] , hepato-and nephro-protective agents [19] , and several others. The presence of oxyprenylated anthraquinones in Rhamnus extracts disclosed herein and in our other previous investigations, could imply that these secondary metabolites may also contribute to the until now observed biological activities and the pharmacognosy of the title genus could be partially revised in light of our findings in the near future. In conclusion, in this paper we disclose that the rare secondary metabolite, the prenyloxyanthraquinone madagascin, is a novel component of the fruits of plants belonging to the genus Rhamnus. By means of effective extraction and HPLC methodologies it was possible to detect in a single chromatographic run typical anthranoid components like emodin, physcion, aloe-emodin, rhein, and chrysophanol, and additional lipophilic compounds like 1. The findings described herein open the possibility to re-investigate the anthraquinone profile of all plants containing this class of natural products, comprising those used for medicinal purposes, like R. purshiana, F. alnus, Aloe spp., Rheum spp., Cassia spp., and several others. The analytical experimental conditions we adopted herein will certainly be of help in the near future for the simultaneous detection of unprenylated and prenylated anthraquinones in these plants, thus contributing to the definition of chemical fingerprints and to take into account also oxyprenylated metabolites for their biological activity. To this aim, using the synthetic chemicals, extractive, and analytical methodologies described herein, we will be able to analyze several other anthraquinone-containing plant species and these studies are currently ongoing in our laboratories.
Experimental
Chemicals: Emodin, rhein, chrysophanol, aloe-emodin, and physcion (all with >99% purity index) were purchased from Extrasynthese (Genay, France). Madagascine was synthesized by means of an already reported procedure [10] and used as a pure chemical standard (purity  98%) after NMR and MS/MS characterization. All analytical data for 1 were in full agreement with those already reported for the same compound [9] . Methanol (HPLC-grade) and formic acid (99%) were purchased from Carlo Erba Reagenti (Milan, Italy). Water was produced by Millipore Milli-Q Plus water treatment system (Millipore Bedford Corp., Bedford, MA, USA). 
Calibration, linearity, and samples quality control:
The stock solutions of the 7 chemical standards were made at concentration of 1 mM in a final volume of 10 mL of methanol. Combined working solutions of mixed standards at the concentrations of 0.5, 1, 5, 10, 25, 50, 75, 100, and 125 μM were obtained by dilution of a mixed stock solution at 1 mM in volumetric flasks containing the mobile phase. Finally the 9 calibration standard solutions were injected into the HPLC-UV/VIS system. Calibration curves were calculated by analysing these 9 non-zero concentration standards prepared in freshly spiked standard solution in triplicate. All the analyses were performed extracting from the HPLC-UV/VIS dataset the wavelengths of 435 nm for quantitative determination. Calibration curves were plotted using weighted linear least-squares regression analysis according to the equation y = a + bx, where "y" is the analyte peak area, "x" the concentration (M) of analyte in the calibration samples, "a" is the intercept, and "b" is the slope of the regression line.
Concentrations of the QC samples and unknown samples were calculated by interpolating their analyte peak area on the calibration curve.
Limit of detection (LOD) and limit of quantification (LOQ):
The LOD and LOQ for each analyte was estimated by injecting a series of samples of known concentrations. Precision and trueness studies were carried out at the LOQ and at 3 QC concentration levels by injecting 6 individual preparations of each analyte and calculating the RSD% and bias% of the back-calculated concentrations.
Recovery:
The efficiency of the method was measured by comparing the peak area obtained from several sample pretreatment extraction processes and different extraction solvent systems. By comparing these results it was possible to evaluate the better extraction procedure that led to the maximum recovery for the cited analytes, minimizing solvent and time consumptions
